Rationale: Transradial access (TRA) is a widely used technique during percutaneous coronary intervention (PCI). However, mediastinal and cervical hematomas, the rare and severe complications of transradial approach, have extremely high mortality rates. To the best of our knowledge, there were no medical literatures about the successful anticoagulation reversal procedure of mediastinal hematoma in PCI till now.
Introduction
The past few decades have witnessed an increasing trend toward transradial access (TRA) in percutaneous coronary intervention (PCI) in China. Compared with transfemoral access, TRA in PCI is a widely used technique with lower bleeding risk, less vascular complications, earlier ambulation, and improved patient comfort. [1] [2] [3] The common complications of transradial access include radial artery occlusion, nonocclusive radial artery injury, and radial artery spasm. However, mediastinal and cervical hematomas, some of the rare and severe complications of the transradial approach, occur in approximately 0.008% of coronary procedures and have extremely high mortality rates. [4] In this report, we presented a very uncommon case of subclavian artery perforation with the symptom of severe dyspnea due to the development of a large mediastinal hematoma.
Case report
A 54-year-old male Han patient was referred to our hospital for a 6-day history of unstable angina on April 2, 2018. He complained of associated palpitation, diaphoresis, and pleuritic chest pain. The patient denied any history of trauma, cough, vomiting, or other constitutional symptoms. He had a 20-packyear smoking history. His medical history was significant hypertension treated with amlodipine (5 mg/d). He received aspirin (Bayer, Leverkusen, Germany), clopidogrel (Sanofi, Paris, France), and other conventional treatments after admission. At the 3rd day, routine diagnostic coronary angiography revealed subtotal (99%) stenosis in the distal left anterior descending (LAD) coronary artery by the right radial artery approach. Heparin (70-100 U/kg) was administered during the intervention guided by the activated clotting time (ACT; target value of 280-350 seconds). A 6 French EBU3.5 guide catheter (Medtronic, Minneapolis, MN) was advanced over an exchange length 0.03500 hydrophilic J-wire without fluoroscopy, but could not be smoothly delivered to the ascending aorta due to resistance in the tortuous subclavian and the brachiocephalic artery. The distal guidewire was confirmed to be inside the lumen of the guide catheter by fluoroscopy. Therefore, the guidewire was again appropriately positioned in the ascending aorta under fluoroscopy. However, the guidewire's support was poor, and the guide catheter could not advance. Then, the dual-guidewire technique was successfully applied to advance the guide catheter to the left coronary artery (LCA). Finally, PCI was performed smoothly, during which the patient felt some discomfort on his right neck.
Immediately after the procedure, the patient was transferred to the cardiac care unit (CCU). Five minutes later, he reported an episode of neck and chest discomfort, dyspnea, cough recurrence, and cold sweats. However, sufficient peripheral artery oxygen saturation and normal blood pressure revealed stable hemodynamics. The patient was rapidly administered IV 10 mg furosemide (Jinling Pharmaceutical Co., Zhejiang, CN) for presumed acute left heart failure due to dyspnea, recurrent cough, and subtotal stenosis in LAD. However, the series of discomforts even worsened. Peripheral artery oxygen saturation declined to 90%-92% in room air and the heart rate significantly increased. Finally, careful physical examination showed a right-sided swelling at the base of the patient's neck and the absence of pulmonary rales. Chest fluoroscopy during PCI was promptly performed, which revealed a dramatically widened superior mediastinum (Fig. 1A) . To further clarify this problem, an emergency-enhanced computed tomography (CT) scan was performed, which showed a significant mass in the lower right neck and the anterior mediastinum (Fig. 1B, C) . The mass surrounded the thoracic ascending aorta and the trachea, indicating an anterior mediastinal hematoma. The trachea was severely compressed by the mediastinal hematoma (Fig. 1C) . Coronal CT scan of the chest revealed a small perforation of the subclavian artery (Fig. 1D ). Urgent consultations with the anesthesiologist, and cardiothoracic and vascular surgeons were performed for the evaluation of possible anoxic events and unstable hemodynamics. Emergency endotracheal intubation was suggested, which was declined by the patient himself and his family members.
Due to worsening dyspnea, the patient was taken to the catheter lab again. With the anesthetist on standby, angiography of the brachiocephalic artery was performed via the right radial route, which revealed a perforation of the proximal right subclavian artery ( Fig. 2A) . At the beginning, a suggestion was made to place a covered stent graft. However, the perforation site was extremely close to the carotid artery. It was possible to completely occlude the carotid artery by the covered stent graft, which may cause cerebral infarction and even death. Then, the jailed balloon technique was suggested to prevent carotid artery occlusion. To increase the success rate of the surgery, the femoral route was applied. Then, the patient's recorded ACT was 285 seconds and he was rapidly administered 50 mg IV protamine (First Biochemical Pharmaceutical Co., Shanghai, CN) to reverse the effect of heparin for presumed perforation and hematoma. Two minutes later, the ACT was 173 seconds, and angiography of the brachiocephalic artery was performed by the right femoral www.md-journal.com route, which revealed reduced extravasation of contrast from the site of vascular perforation. Five minutes later, another 10 mg protamine was provided, which reduced the ACT to 120 seconds. Angiography confirmed the presence of right subclavian artery pseudoaneurysm and the absence of leakage at this moment (Fig. 2B) . The patient had an apparent remission of clinical dyspnea. The patient was transferred to the cardiac care unit (CCU) for close observation. The next day after PCI, aspirin (75 mg/d) and clopidogrel (75 mg/d) were continued. Plain chest computed tomography (CT) was performed to confirm trachea compression alleviation (Fig. 2C) . To avoid lung infection, cefazolin (2 g/d; Jiuxin Pharmaceutical Co., Shenzhen, CN) was prophylactically used for the next 48 hours. The patient was ultimately discharged 5 days later. The patient was advised to continue standard dual antiplatelet therapy for at least 12 months after discharge. Follow-up CT confirmed an almost entire absorption of the mediastinal hematoma 35 days postdischarge on May 15, 2018 (Fig. 2D) . The patient had no chest discomfort in the following 6 months as assessed during outpatient visits.
Discussion
Transradial access was first described for coronary angiography by Campeau in 1989. [5] Tatli et al confirmed the safety profile of radial artery access, with a low incidence (0.04%) of periprocedural unusual vascular and hemorrhagic complications. [6] The vascular and hemorrhagic complications of transradial catheterization include access site major bleeding, perforation, radial pseudoaneurysm, and arteriovenous fistula. We described a rare case of perforation of the subclavian resulting in a large mediastinal hematoma with potentially lethal tracheal compression. It is likely that attempts to advance the guide catheter violently against resistance injured the vessel wall without confirming guidewire protrusion through the lumen of the guide catheter under fluoroscopy monitoring. Afterward, fluoroscopy showed that the guidewire came back into the lumen of the guide catheter from the ascending aorta, due to severe tortuosity of the subclavian and brachiocephalic arteries. When resistance is encountered, fluoroscopy should be used to ensure the appropriate guidewire position. Some existing techniques, such as balloon-assisted tracking, abduction of the arm, and deep inspiration, can avoid vessel shearing from the "razor effect" at the distal tip of the guide catheter . [7] In the current case, we finally took dual guidewires to strengthen support and successfully deliver the guide catheter to the ostium of the LCA under fluoroscopy.
Conservative managements of perforated subclavian and brachiocephalic arteries are hampered by the inefficient application of local pressure due to the presence of the collarbone and ribs. Habib et al described the case of a 79-year-old woman in whom perforation of the subclavian artery occurred during cardiac catheterisation via the radial artery, and the patient was treated by a covered stent.
[8] Fahad Farooqi et al described an unusual small bi-lobed pseudoaneurysm originating from the right costocervical artery during PCI. This leakage was successfully treated by coil embolisation of the feeder artery. [9] In the current case, the perforation site was extremely close to the carotid artery, which made the covered stent and coil embolization ineffective. It is possible that the carotid artery was completely occluded by the covered stent graft, which may cause cerebral infarction and even death. Therefore, with careful monitoring of the ACT value, the patient was administrated protamine to reverse the effect of heparin. In this case, salvage reversal of anticoagulation played an important role for treating subclavian artery perforation resulting in mediastinal hematoma, even probably more important than covered stent grafts in some cases. In the face of accidents, we should not overlook some of the most basic measures, which can sometimes save lives. However, protamine must be administrated with close ACT monitoring; otherwise, it might bring potential catastrophic consequences after PCI, for example, stent thrombosis.
In addition, the current case illustrates the importance of extensive differential diagnosis and careful physical examination when dyspnea occurs after PCI. Actually, heart failure is not rare during PCI, especially in case of significant stenosis or total occlusion in the LAD coronary artery. In the present case, heart failure was firstly taken into account due to dyspnea, recurrent cough, and myocardial ischemia during PCI. However, we reached a false diagnosis because of a noncomprehensive physical examination in the first place. Ineffective treatment with diuretics and the absence of pulmonary rales revealed that the possibility of heart failure was rather small. Once heart failure is unlikely; alternate diagnoses must be promptly considered, including fatal cardiac tamponade and acute pulmonary embolism. However, these diagnoses cannot explain the rightsided swelling observed at the base of the patient's neck. Therefore, artery perforation should be the main reason for progressive neck swelling.
Conclusion
Interventional cardiologists should avoid rough advancement of the guide catheter and the wire against resistance without fluoroscopy during transradial catheterization. Anticoagulation reversal, as one of the most basic measures, plays an important role for fatal hemorrhagic and/or vascular complications. Early evaluation, prompt identification, appropriate therapy, and close monitoring are all essential for the successful treatment of fatal complications.
